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Abstract 

We study the contributions of the non-standard neutrino interactions (NSIs) to the rare meson 
decays of K + — > tt + uu and D + — ► tt + vu. We show that both decays could provide strong con- 
straints on the free parameters in the NSIs. We point out that the branching ratio of D + — > ir^vv 
could be at the level of 10 -8 . 
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It has been widely anticipated to have new physics beyond the Standard Model (SM) 
in the neutrino sector due to the results of atmospheric and solar neutrino oscillations 
experiments 111. In particular, it has been proposed to have new effective four-fermion 

u n n n 

interactions involving neutrinos, called non-standard neutrino interactions (NSIs) [2j, [3|, |4|, [5[ , 
given by 



/-NSI 
*~eff 



(1) 



where the index of £(£') corresponds to the light neutrino flavor, / denotes a charged lepton 
or quark in the first generation, and P = L or R with L(R) = (!=)= 75)/2. It has been 



shown that the NSIs would be compatib 



features in various neutrino searches 
been studied in Refs 
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e with the oscillation effects along with some new 
§[ [9]. The experimental constraints on NSIs have 



11] . In particular, the authors in Ref. [6(] have also pointed 
out that the lepton flavor violating decays of fi — > 3e, r — > (e, /i)ee, r — > (e, /i)M with 
M = p or 7r, and the /1 — e conversion on nuclei could be induced through one-loop effects 
and give some stringent constraints on the parameters of in Eq. ([1]). Explicitly, ej^ 
and (£ = e,/i) are limited to be less than 10~ 3 and order of one, respectively. On the 
other hand, for the flavor diagonal NSIs in the first two generations, are constrained 

by the tree level processes in the low energy scattering experiments and could be limited at 
the level of O(10 -3 ) in future sin 2 9w experiments. For the third generation, el^ is presently 
bounded to be order of_one by the LEP experiments but its future limit can be slightly 

from KamLAND 



improved to be 0(0.3) [6( from KamLAND [12| and solar neutrino data [13j,ll4|]. Note that 
although the constraints on the parameters of e!^ [I = e, /i) can be given by the precision 
measurements on sin 2 9w at neutrino factories but the bounds can only be O(10~ 2 ) j^l. 

In this brief report, we will study two new processes of K + — > tt + uu and D + — > tx + vv in 
the framework of the NSIs. We will show that the parameters involving r neutrino in e^t 
could be limited to be less than 10~ 2 by the rare decay K + — > tt + uu. We will also display 
the branching ratio (BR) of D + — ► ■n + V(Vi / i could be at the level of 10~ 8 due to the NSI, 



which could be accessible to BESIII 



16]. 



We start with the decay of K + — > tx^vv. Since we are not going to deal with CP violation, 
we will skip the discussion of the CP violating mode of Kl — > ir i>v, which is nevertheless 
interesting on its own . It is well known that at the quark level, the effective Hamiltonian 



2 



for s — > dvv in the SM is given by 18] 
G F 



H 



a. 



2vr sin 2 9 
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(KVaXffL + V t :V td X(x t )) {sd)v- A {vm)v-A 



(2) 
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where (ff')v-A = /7a»(1 — Ts)/') ^nl denotes the charm quark contributions, and X(x t ) is 
the loop integral of the top quark contribution given by 

2 3x t - 6 



X(x t ) =rj X ^ 



In x t 



(3) 



X t - 1 - l) 2 

with = mf/rriyy and ?]x = 0.985 being the QCD short-distance correction. The SM 
prediction for BK(K + — > tt + j?u)sm a t the next-to-next-to-leading order is found to be (8.0 ± 
LI) x 10" 11 [19j, which is smaller than the data of BR(K+ vr + i/z/) cxp = (1.5±1;|) x 10" 10 
20| | . If future data still keep the tendency toward a larger central value, due to the small 



theoretical uncertainties 21( , it should indicate the existence of new physics. Note that with 
BK(K + — > 7i + ui?) ~ 10 -10 it is possible to collect 40 signal events per year at the NA48/3 



experiment of CERN-SPS |22|,|23|. 



The NSIs in Eq. ([T]) can also induce the process s — > dv^v^i through a one-loop diagram, 
as illustrated in Fig. HI As a result, the following four-fermion interaction can be induced 

A 
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where A denotes the new physics energy scale above the weak scale with ln(A/my^) > 1- 
From Eq. (J4]), the BR for K + — > 7r + i>£i>£i from the NSIs is found to be 




FIG. 1: Flavor diagram for the s — ► dv^v^i 
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with 



3at 



r K +- 



(6) 



\V us \ 2 2n 2 sin 4 9 W ' 

where the factor of 3 in k + comes from the number of neutrino species and = 0.901 
denotes the isospin breaking effects 24|. Numerically, it is given by 



A 



(7) 



BR(AT+ -» vr + ^^) NS i « 6.5 x 10' 

where we have used BR(A' + — > it e + v e ) = (4.98 ± 0.07)% [l]. For simplicity, we will avoid 
the complicated interference effects to get the constraint on the free parameters directly 
by setting the upper bound for the contribution from the NSIs in Eq. ([7]) to be less than 
ABR = BR cxp — BRsm = C x 10~ 10 with C ~ 0.5. Hence, we obtain the upper limit on e$ 
to be 

C 8.8 x 10~ 3 



(8) 



0.5 lnA/ra^ 

Since I or £' can represent any charged lepton, the decay of K + — > ir + ui? could give strong 
constraints on the parameters involving v T . 

Next, we discuss the NSIs on D + — > -k + vv. It is well known that unlike the K and B 
systems, where the FCNC processes are enhanced by the internal heavy top-quark loop, the 
loop induced rare decays of the charmed mesons are highly suppressed in the SM as they 
involve the light down-quark sector and the GIM cancellation. It has been estimated that 
BR(Z^ + — > 7t + z/z/)sm ~ 5.1 x 10 -16 with long-distance QCD contributions included in the 



SM 25j. Obviously, it cannot be reached by future experiments such as BESIII, where the 
sensitivity on the rare charmed meson decays will be reached only at the level of 10~ 8 or 



so 



16] . It is clear that if there is any evidence with BR(£) + — > ti + vv) ~ 10 8 in the future 



experiment, it will definitely indicate the existence of new physics. 

The NSIs in Eq. (TjQ) can also induce the transition c — > uvgVfii at one-loop level with 
a Feynman diagram displayed in Fig. [2J Similar to s -> dv(pi^ the following effective 
interaction for c — > uvivgi can be obtained 
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FIG. 2: Flavor diagram for the c — ► uviygi. 

Numerically, we obtain 



BR(D+ -> 7T + ^) NS i « 2 x 10' 



A 



|2 



, (11) 



where we have used BR(D° -> vr + eP e ) = (2.81 ± 0.19) x 10~ 3 [l]. For ln(A/m w ) ~ 1 
ef T ~ 1, and e$ < 1 (£,£' ^ r), we get BR(D+ -> vr+z/z/) ~_2 x 10" 8 , which could be 



reached at a future dedicated experiment |26j such as BESIII [161 ] . Turning this argument 
around, if future searches of these rare Z? decay modes at the level of 10~ 8 turn out to be 
nil at BESIII, useful constraints on the couplings can be deduced. 

To recap, we have studied K + — > tt + uu and D + — > 7t + uj? in the framework of the 
NSIs. We have shown that both rare decays could provide strong constraints on the free 
parameters in the NSIs. Explicitly, we have found that efft and effr could be limited to be 
less than 10~ 2 and order of one by the current and future experiments for K + — ► ir + uu and 
D + —* n + uu, respectively. Finally, we remark that BR(Z) + — > tt + uv) could be at the level 



of 10 8 due to the NSIs, which could be accessible to BESIII 



16] 
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